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AN ANALYSIS OF CLIMATIC INFLUENCES ON AGGRESSION

Alan M. Gonick, M.A.
Western Michigan University, 1970

The effects of exposure to various climatic conditions were
analyzed to determine whether these conditions could produce aggres
sion or facilitate shock-elicited aggression.
monkeys were used as subjects.

Paired rats and single

The effects of independent and simul

taneous changes in temperature and relative humidity were investi
gated in an attempt to produce aggression.

Temperature, relative

humidity, and length of exposure to climatic conditions were varied
to determine if these conditions would facilitate shock-elicited
aggression.

The climatic conditions investigated were ineffective

in reliably producing aggression between rats and also in facilita
ting shock-elicited aggression with rats and monkey subjects.

Expo

sure to temperatures above 24.4°C produced a temporary decrease in
shock-elicited fighting between rats and a temporary increase in
shock-elicited hosebiting with monkeys.

Data between sessions, ex

perimental phases and subjects were variable.
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INTRODUCTION

Recent research (Ulrich and Azrin, 1962; Ulrich, Hutchinson
and Azrin, 1965; Ulrich, 1966) has shown that aversive stimulation
is effective in eliciting aggression between animals.

Electric

shock (O'Kelley and Steckle, 1939; Daniel, 1943; Richter, 1950), tail
pinch (Scott, 1946; Azrin, Hake and Hutchinson, 1965) and intense
foot heat (Ulrich and Azrin, 1962) are among a few of the many pain
ful stimuli shown to elicit the aggressive response.

Aggression has

also been demonstrated to occur in response to food removal (Thompson
and Bloom, 1966; Azrin, Hutchinson and Hake, 1966) intermittent rein
forcement schedules (Hutchinson, Azrin and Hunt, 1968; Gentry, 1968;
Gentry and Schaeffer, 1969), visual and olfactory stimuli (Lissmaun,
1932; Free, 1961), intracranial stimulation of the hypothalamus
(Hutchinson and Renfrew, 1966), and morphine withdrawal (Boshka,
Weisman, and Thor, 1966; Bitinas, 1967).
Pain-elicited aggression has been found to be a direct function
of intensity, duration and frequency of occurrence of the aversive
stimulus (Ulrich and Azrin, 1962; Azrin, Ulrich, Hutchinson and Nor
man, 1964).

This aggression has been demonstrated to occur between

animals of the same species, between animals of different species and
toward inanimate objects (Azrin, Hutchinson and Hake, 1963; Ulrich,
Wolff and Azrin, 1963; and Azrin, Hutchinson and Sallery, 1964).
Pertinent research investigating the interaction of climatic
variables with physiological and behavioral mechanisms fall into four
categories:

(1) effects of climatic influences on aggression,

1
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(2) temperature control by lower organisms, (3) the effects of tem
perature on activity and (4) physiological reactions to climatic
variations.
Few studies have been conducted on the effects of climatic
influences on aggression.

In a series of studies performed by Gins

berg and Allee (1942), mice which had been exposed to high tempera
tures were reported to fight less vigorously.

It was observed that

the mice adjusted to high temperatures by digging into shavings or
flatening themselves out on a cool surface.

Therefore, the results

were confounded by an alternate escape response available to the sub
jects which was incompatible with fighting.
Wallis (1962), demonstrated that aggressiveness between ants
Formica Fusca, is greater at temperatures of 20° to 22°C than at tem
peratures of 17° to 19°C.

A greater number of dragging and seizing

responses, which are defined by the author as aggressive responses,
were observed at the higher temperatures.

The species studied is

normally active within the temperature range investigated.
In another study (Ulrich and Azrin, 1962) investigating the
effects of intense localized foot-heat found that paired rats fought
consistently when placed on a pre-heated metal floor.

When paired

rats were placed on a pre-cooled metal floor, no fighting resulted.
Experiments dealing with the activation of behavior mechanisms
to control body temperature are also few.

In a series of studies

done by Kinder (1927), it was demonstrated that the amount of paper
stripping used by rats in nest building correlated well with changes
in temperature.

As the environmental temperature increased, the
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amount of paper stripping used decreased and conversely, as the en
vironmental temperature decreased, the amount of paper stripping
used increased.

Another study (Richter and Eckert, 1936), demon

strated that hypopthysectomized rats, which suffer from lower meta
bolic activity and lowered heat production, have greater nest build
ing activity than normal rats.
A more recent study on the role of behavior in thermoregulation
was conducted by Weiss and Laties (1960 and 1961).

This research

demonstrated that rats exposed to extreme cold would acquire and
maintain a bar press response to obtain a temporary burst of heat.
This indicates that extreme low temperatures function as aversive
stimuli from which animals will respond to escape.
Research on the effects of temperature on activity indicate
that many variables such as race or breed, sex, nutritive states and
oxygen pressure determine the effects of temperature extremes, (Alt
man and Dittmer, 1966).

However, in general, activity increases

during cold periods and decreases during warm periods (Morgan, 1965).
Most organisms react to both high and low temperatures by specific
reflexes and by a change in activity level.

As external temperatures

rise, relaxation occurs and overt activity decreases; as they fall,
tension increases, the shivering reflex may occur and over activity
usually increases (Wenger, Jones and Jones, 1956).
Research on physiological reactions of organisms to temperature
variations indicate that the hypothalamus contains centers that
function as a thermostat to maintain the internal body temperature
within a certain range (Morgan and Stellar, 1950).

Whenever it is
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necessary for the body to lose heat, the hypothalamus causes vaso
dilation, increased sweating, increased respiration, and a lowering
of metabolism.

Through opposite effects it causes heat to be con

served, and in addition, by inducing shivering it can cause the body
to produce heat.
Altman (1966), studying the human reactions to decreases in
body temperature, found increases in thyroid secretion, rate of
metabolism, adrenaline secretion, sugar release into the blood, body
activity, constriction of cutaneous blood vessels, inhibition of
perspiration and piloerection.

On the other hand, body temperature

increases caused heat dissipating mechanisms to be activated such
that increases in perspiration and vasodilation resulted.

It was

further indicated that maintenance of normal body temperature may re
quire various skeletal motor acts such as shivering and stomping.
Research done by criminologists, although correlational in
nature, suggests that significant increases in temperature and hu
midity may be involved in producing aggression between humans (MayoSmith, 1907; Dexter, 1904; Aschaffenberg, 1913).

Early research by

Dexter (1904), in which nearly 40,000 cases of assault and battery
were analyzed, reports that temperature, more than any other condition
effect the emotional states that are conducive to violence.

Later,

research by Lombroso (1912), combining statistics compiled by Guerry
De Champneuf on homosides in England and France with statistics com
piled by Curcio, who studied the same offenses in Italy, show that
the incidence of murder reaches a maximum during the hottest months.
Lombroso also investigated political crimes and concluded that the
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836 rebellions occurring the world over between 1791 and 1890 were
predominately in the hot months.

According to Lombroso, "warm tem

perature affects the physical mechanisms of man by heightening emo
tions, stimulating activity and encouraging quarrels, brawls and
stabbings." More recent data (Uniform Crime Reports for the 1930's,
1940's and 1950's) show incontravertibly that crime against people
tend on a whole, to increase in the simmer.

Many variables other

than the direct effect of temperature, however, could be responsible
for the increase in crimes and violence during the warmer months.
Among these are (1) a greater number of persons out-of-doors or out
of school, (2) increased alcohol consumption, (3) large congregations
of people at parks, beaches and other public places, and (4) increased
daylight hours.
The present study represents a series of investigations attempt
ing to analyze whether or not various climatic conditions can produce
or facilitate aggression.

At present only descriptive data (crimino

logical correlations previously presented) concerning this phenomenon
exist.

It is the intent of this study to determine the effects of

climatic conditions on aggression under controlled laboratory condi
tions.

Data will also be presented on observations of a convulsive

jumping phenomenon.

The term convulsive jumping is used throughout

this study as a shorthand expression to define vigorous (spasmodic)
hopping or jimping by one or both subjects.

The observation of this

phenomenons during Experiment IA led to the installation of an auto
matic jump recording device.

This device made it possible to record

data on convulsive jumping while investigating the effects of climatic
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conditions on aggression.
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Determination of Whether Various Climatic Conditions
Produce Aggression

METHOD

Subjects
Eighteen male hooded rats of the Long Evans strain were used as
subjects.

All animals were approximately 90 days of age at the be

ginning of this study and were maintained at free feeding weight.
The subjects were housed in pairs in a ventilated room maintained at
approximately 25.6°C, 50% relative humidity.

None of the subjects

had .prior experience in the experimental apparatus.

Apparatus
The experimental chamber (Figure 1) measuring 12" x 9" x 9" had
as its floor ten acrylic dowels, 5/16" in diameter with a center-tocenter distance of 3/8".

Acrylic dowels, being a poor conductor of

heat, were used for the floor to prevent aggression as a result of
placing paired rats on a hot floor (previously cited study by Ulrich
and Azrin, 1962).

The front and side walls were made of plexiglass,

the back wall of asbestos.

A Taylor dry-bulb-wet-bulb hygrometer

which measured relative humidity and a standard thermometer were
mounted on the asbestos wall in the chamber.
The chamber was housed in a thermo-insulated chest measuring
30" x 32" x 44" made of 1/2" plywood.

The inner walls of the chest

were lined with three inches of compressed fiber glass which in turn
was covered by 1/4" asbestos.

Two 40 watt fluorescent lights for
7
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illumination, and a speaker to provide white noise were mounted in
the chest.

An exhaust fan and heater fan were mounted inside the

chest and were operated throughout each session to provide air circu
lation and ventilation.
The temperature of the chamber was varied by a standard 1320
watt space heater approximately 120 volts at eight amps and control
led to within plus or minus 1.1°C by a Honeywell Temperature Con
troller, Model T675A140.
23.9°C to 82.2°C.

The temperature range was approximately

The temperature controller and recording instru

ments were calibrated in degrees Fahrenheit.

However, for presenta

tion purposes, temperature units throughout this investigation were
converted to degrees Centrigrade.

In converting, temperature units

were rounded off to the nearest tenth of a degree.
The relative humidity was varied by an Armstrong Humidity Maker,
Model YE-2 and controlled to within plus or minus 2% relative humid
ity by two Armstrong Humidity Controllers with a range from approxi
mately 40% to 90% relative humidity.
A device to automatically record rat jump responses was wired
to the top of the experimental chamber for Experiments IB - ID.
The roof was constructed from 1/16" circuit board having 1/2 sq. in.
of each corner insulated from the rest of the roof to serve as con
tacts.

The roof was held down by springs with the roof contacts

resting on flat metal contacts fastened to the top of the chamber.

A

jump response exerting an upward force of 23 grams on the roof would
break the contacts, which in turn recorded a response on a counter in
an adjoining room.
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Procedure
Climatic conditions in the experimental chamber were regulated
and checked before the start of every session.

Five sessions a week

were conducted for all pairs except Pair 200 which was run two ten
minute sessions per day for a total of ten sessions per week.

Paired

subjects were placed in the experimental chamber for daily 40 minute
sessions and aggressive responses were recorded by an observer de
pressing a hand counter when a fighting response occurred.

The cri

terion employed to designate a fighting response was consistent with
the definition cited by Azrin, Ulrich, Hutchinson, and Norman (1964),
which stated that "a single fighting response had been made when one
or both rats lunged or struck at the other, producing physical con
tact." A new response was recorded only for those fights which were
separated from previous fights by approximately one second.

Frequent

reliability checks were conducted by having more than one individual
simultaneously record the fighting.

These observations agreed within

11% (17 out of 19 responses).
Convulsive jumping responses characterized by spasmatic jumping
were recorded automatically during Experiments IB-ID.

The criterion

employed to designate a jump response was defined as an upward thrust
or jump exerting a force of at least 23 grams on the roof of the
experimental chamber.

Checks of reliability were obtained by having

a human observer depress a hand counter for each jump response.

The

number of jump responses recorded by the observer and by the automa
tic jump recorder agreed yithin 2%.
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Experiment XA:
An Analysis of Temperature Extremes (Extreme Heat)
in Producing Aggression
This experiment held relative humidity constant at 50% - 2%
while increasing the temperature from 26.7°C to 37.8°C.

The intent

of this experiment was to determine whether extreme heat is capable
of producing aggression.
Procedure
Two pairs of subjects were used in this experiment.
humidity throughout the study was held constant at 50%.

Relative
The tempera

ture within the chamber was increased in increments of 5.6°C/week
from 26.7°C until signs of physiological disability occurred.
Results
Pair 108 did not fight at any of the temperature conditions
tested.

During Session 12 convulsive jumping behavior was emitted by

a subject from Pair 108.

Shortly after the conclusion of Session 12,

the subject emitting jumping responses died.

The topography of the

convulsive jumping behavior consisted of one or both subjects vigor
ously jumping from the floor of the experimental apparatus and making
contact with the roof of the chamber.

Jumping occurred at a high

frequency with a short latency (approximately less than one second)
separating each jump response.
Aggressive responding occurred at a low rate for Pair 106 at all
of the climatic conditions tested (see Figure 2),

A total of five

fights were recorded at sessions ran at 26.7°C, three fights at 32.3°C
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and eight fights at 37.8°C.

Variability between and within the cli

matic conditions tested was observed.
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Experiment IB:
An Analysis of Relative Humidity in Producing Aggression

In this experiment temperature was held constant at 26.7°C and
relative humidity was varied.

The intent of this study was to deter

mine whether various humidity conditions, within a range of 50% to
90% relative humidity, could produce aggression.
Procedure
Two pairs of subjects were used in this experiment.
perature within the chamber was held constant at 26.7°C.

The tem
Relative

humidity within the chamber was increased in increments of 10% per
week from 50% until signs of physiological disability occurred.

Results
For Pair 107, out of 25 sessions, fighting responses occurred
in only two.

During Session 6, a total of 10 responses occurred and

during Session 9, a total of 19 fighting responses occurred.

Sessions

6 and 9 were both conducted at 26.7°C, 60% relative humidity.
For Pair 109, out of 25 sessions, fighting responses occurred
in only two.

A total of five responses occurred during Session 9,

which was conducted at 26.7°C, 70% relative humidity.
12, a total of three fighting responses occurred.

During Session

Session 12 was

conducted at 26.7°C, 80% relative humidity.
Convulsive jumping did not occur at any of the climatic condi
tions investigated in this experiment.
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Experiment IC:
An Analysis of Extremes in Heat and Humidity
in Producing Aggression

In this study temperature and humidity were increased simul
taneously to determine whether heightened temperature and humidity
conditions combined would produce fighting.

The climatic conditions

investigated were within a temperature range of 26.7°C to 37.8°C at
relative humidities ranging from 50% to 70%.

Procedure
Two pairs of subjects were used in this experiment.

Tempera

ture and humidity were simultaneously increased in increments of
5.6°C, and 10% relative humidity/week.

Results
Pairs 105 and 111 did not fight to any of the climatic condi
tions tested.

Pair 105 died during Session 14, which was conducted

at 37.8°C, 70% relative humidity.

A total of 193 jumping responses

were recorded during the last session that Pair 105 was run.
A subject from Pair 111 died at the end of Session 11 which
was conducted at 37.8°C, 70% relative humidity.

A total of 49

jumping responses were recorded during this session.
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Experiment ID:
An Analysis of Rapid Changes of Climatic Conditions
in Producing Aggression

The intent of this experiment was to determine whether rapid
climatic changes as opposed to gradual changes as investigated in
subsequent experiments (IA-IC) would produce aggression.

Procedure
Three pairs of subjects were used in this experiment.

Pair

200 was run two ten-minute sessions/day separated by a 30 minute
interval for five series of climatic changes (see Table 1).

During

the first series (Series I), humidity was held constant at 50% while
temperature was raised between sessions from 28.3°C to 33.9°C on day
one and from 33.9°C to 39.4°C between sessions on day two.

During

Series II, (see Table I) temperature was held constant at 26.7° while
humidity was increased 10% each day between that day's sessions.

For

example, on day one of Series II, relative humidity of 50% during the
first session was raised to 60% for the second session.

On day two

of Series II, relative humidity of 60% during the first session of
that day was raised to 70% for the second session and so on up
through 80% and 90% on the fourth day of the series.

Series III con

sisted of holding the humidity constant at 50% while the temperature
was jumped from 26.7°C to 37.8°C between one day's pair of sessions
(see Table I).

Series IV again held the temperature constant but

this time jumped the humidity from 50% to 70% between one day's pair
of sessions (see Table I).

Finally, Series V increased both tempera

ture from 26.7°C to 37.8°C and relative humidity from 50% to 70%
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between each day's pair of sessions for six days (see Table I).
Pair 114 was run for daily 40 minute sessions for a total of
four sessions.

Relative humidity was held constant at 50%, and tem

perature was increased in "increments of 5.6°C/day from 26.7°C until
signs of physiological disability occurred.
Pair 103 was run for one ten minute session at 40°C, 70% rela
tive humidity.
Results
Aggressive responding for Pair 200 occurred at a low rate.
Fighting did not appear to be dependent on and did not vary with
changes in the independent variables (rapid changes in temperature
and humidity), Table 1. A total of 94 convulsive jumping responses
were recorded during sessions run at 37.8°C, 70% relative humidity.
Pair 114 did not fight to any of the climatic conditions
tested.

However, a total of 7 convulsive jumping responses were

recorded during Session 4.
Pair 103 did not fight to the climatic condition tested.

A

total of 43 convulsive jumping responses were recorded before one of
the subjects from Pair 103 died.
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DISCUSSION

The results of these studies fail to indicate that the climatic
variables investigated were effective in reliably producing aggres
sion in any of the conditions studied.

Although some aggression did

occur, this phenomenon was not replicable with other pairs of subjects
and was not reliable between sessions.
One explanation of these results may be that the intensity of
the climatic variables studied may have been below a level needed
to produce aggression.

However, the fact that several subjects died

during this experiment from exposure to extremes in heat made it
impractical to investigate more intense climatic conditions.

Al

though the temperature extremes in this study did not produce aggres
sion, research conducted by Lipton (1968 and 1969), has shown that
these temperatures are aversive.

Lipton demonstrated that rat sub

jects would work to eliminate extremes in heat (within a range
studied in the present study) from their environment.
Another possible explanation of the results of this series of
studies involves the effects of high ambient temperatures (above
26.7°C) on the general activity of rats.

Studies performed with rat

subjects indicate that high ambient temperature exposure produces
decrements in spontaneous motor activity (Schmidt-Nielson, 1964;
Stevenson and Rixon, 1957; Pereboom, 1968), maze learning (Hellmer,
1943; Moore, 1944; Smith, 1966), and fixed ratio performance (Hamilton
and Brobeck, 1964).

This research suggests that the temperatures

studied in the present experiments may have decreased the probability
16
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of aggression by decreasing the general activity of the subjects.
In addition, the present investigation discovered a convulsive
jumping phenomenon not previously reported in the literature on be
havioral effects of climatic variations.

Morgan (1939) demonstrated

that auditory stimulation can produce convulsive behavior in rats
similar in topography to the convulsive jumping behavior observed in
the present studies.

Morgan subsequently labeled this behavioral

pattern "Audiogenic Seizures."

Bells (Watson, 1939; Humphrey and

Marcuse, 1939), whistles (Watson, 1939), jingling keys (Dice, 1935;
Maier and Glasser, 1940), and buzzers (Maier and Glasser, 1940) are a
few of the auditory stimuli that have been shown to produce audio
genic seizures.

Other stimuli shown to produce convulsive behavior

in rats are air blasts (Hall and Martin, 1940), shock (Golub and
Morgan, 1945; Stainbrook, 1942, and 1946; Siegel and Lacey, 1946),
metrozol (Norman, Maier and Sacks, 1941), and magnesium deficiencies
(Patton and Lazovik, 1946).
The convulsive behavior patterns reported by the above experi
menters appear to be topographically similar, in all studies, with
some possible differences in frequency, duration, and development.
In the present study the m-inlminti temperature that produced
convulsive jumping was 37.8°C.

The climatic conditions that produced

the greatest number of jump responses was 37.8°C, 70% relative
humidity.

At this condition, a total mean of 112 jump responses were

recorded for three pairs of subjects.

Climatic conditions that pro

duced jimping also produced death for a subject from each of the four
out of six pairs of subjects that emitted jumping behavior.

These
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results indicate that convulsive behavior evoked in rat subjects by
auditory and other stimuli can also be evoked in rat subjects by
intense heat and humidity conditions.
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DETERMINATION OF WHETHER VARIOUS CLIMATIC CONDITIONS
FACILITATE AGGRESSION

It is known from animal research that certain aversive stimuli
produce aggression (Ulrich, Hutchinson and Azrin, 1965).

The intent

of this series of experiments was to study specific environmental
stimuli (various temperature and humidity conditions) combined with
aversive shock in an attempt to determine whether such stimuli can
facilitate shock elicited aggression.

19
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Experiment IIA:
An Analysis of Extremes in Heat and Humidity
in Facilitating Tail Shock Elicited Aggression
In this study a baseline of pain-elicited aggression was pro
duced through aversive tail shock under normal climatic conditions
(26.7°C, 50% relative humidity).

Temperature and humidity were then

varied in an attempt to discover whether changes in these variables
could facilitate aggressive responding above baseline conditions.
METHOD
Subjects
Ten male hooded rats of the Long Evans strain were used as sub
jects.

All animals were approximately 90 days of age at the beginning

of this study and were maintained at free feeding weight.

Subjects

were housed under the same conditions as those described in the first
four experiments.

None of the subjects had prior experience in the

experimental apparatus.

Apparatus

With the exception of the following changes the experimental
apparatus was the same as that used and described in Experiment IA.
The device for recording rat jump responses was removed.

In its

place a standard wire screen measuring 9" x 9" was used to cover the
top of the experimental chamber.

Paired subjects were stimulated

through a modified version of a tail electrode for rats (Weiss, 1967).
Tail shock, as opposed to foot shock, was used to eliminate the need
for a metal grid floor which when heated could possibly produce
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fighting between rats (Ulrich and Azrin, 1962).

The electrode con

sisted of two aluminum cable clamps drilled and tapped for two 3/16"
screws.

Attached to these screws were two steel wires, Number 26,

approximately 7" in length and insulated with 1/8" I.D. Latex tubing.
On the other end of these wires was a miniature phono-jack in which
a male plug was inserted to deliver shock to the electrode.

The

cable clamps were held together by two adjustable nylon nuts and
bolts to insure a secure fit with easy installation and removal.
Electrode paste was used before each session.
The phono-jack ends of the electrodes were pulled through 1/2"
D holes drilled in diagonal corners of the experimental chamber.
holes were located 3" above the chamber floor.

The

A nut and bolt used

to secure the phono-jack to the chamber was located 1/4" above each
hole and extended 1/2" from the chamber.

During experimental sessions

the phono-jacks were secured to the chamber by two 2" wires fastened
to the jacks and looped around the bolts extending from the chamber.
The subjects were restrained in diagonal corners by their tails via
their electrodes, but had freedom to make body contact with each other
in the center of the chamber.
The presentation of shock was programmed by electrical apparatus
located in an adjoining room.

Shocks of .5 seconds duration were

deliyered every ten seconds by a Grason-Stadler shock generator at
various intensities.

Procedures
Before the start of every session climatic conditions in the
experimental chamber were regulated and checked and shock electrodes
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were placed on the tails of each subject.

Paired subjects were

placed in the experimental chamber for daily sessions of 100 tail
shock presentations for five sessions a week.

An initial period of

observation occurred before the delivery of shock and aggressive
responding during these periods was eliminated before the start of
each session by re-adjusting the shock electrode.

Aggressive re

sponses were defined and recorded in the same manner as described in
Experiment 1A.

A maximum of one response was recorded for a single

shock presentation.

Frequent reliability checks were obtained by

having more than one individual simultaneously record the fighting.
The number of responses recorded by each observer agreed within 5%.
During initial sessions (pre-baseline), various shock intensi
ties within a range of .3 to 1.0 HA were presented between sessions
at 50% relative humidity, 26.7°C (see Table 2 for pre-baseline shock
histories of each pair).

Paired subjects were subsequently presented

during baseline with shock intensities and climatic conditions which
had previously been demonstrated during pre-baseline to generate mean
fight rates of approximately 30-60 fights/session.

The temperature

during Phase I was then changed to 35°C while all other variables
remained the same as reported above for the baseline session.

A sub

ject from both Pairs 302 and 304 died due to injuries sustained
during baseline sessions.

Following Phase I a reversal reinstating

baseline conditions was run.

For Pairs 300 and 303, the reversal was

followed by Phase II which replicated conditions in Phase I.
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Results
Table 3 summarizes the data from Experiment IIA for each pair
of subjects.

The mean number of fights/session for each pair de

creased during Phases I and II from the mean number of fights/session
during baseline and reversal.

However, a fair amount of variability

between sessions was observed for all pairs, (see Figures 3, 4, and
5).

Fighting during the first session of baseline conditions (26.7°C,

50% relative humidity) for Pairs 300, 303 and 206 occurred within a
range of 23 to 39 fights/session.

Variability between sessions

occurred for all pairs of subjects and particularly for Pair 303
(Figure 4).
The number of fights/session during the first session of Phase
I (35°C, 50% relatiye humidity) decreased below most baseline sessions
for all pairs.

However, fighting during Phase I was also variable

and therefore many of the data points overlap baseline sessions
(Figures 3 and 4).
During reversal (26.7°C, 50% relative humidity), a subject from
Pair 206 died after the second session at that condition from what
appeared to be a middle ear disease.

The data for Pair 300 were

variable and an apparent upward trend in the number of fights/session
can be seen (Figure 3).

However, many of the data points for Pair

300 overlap points from Phase I.

An increase in the number of fights/

session during reversal over Phase I conditions occurred for Pair 303
(Figure 4).
During Phase II (35°C, 50% relative humidity), the number of
fights/session for Pairs 300 and 303 decreased below most reversal
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sessions (Figures 3 and 4).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25
EXPERIMENT IIB:
An Analysis of Extremes in Heat and Humidity
in Facilitating Foot Shock Elicited Aggression
Results from study IIA suggest a suppression in
result of high ambient temperatures (35°C).

However,

fightingas a
as previously

mentioned the data in Experiment TIA were quite variable.

The pre

sent investigation represents an attempt to determine whether a sup
pression effect would be produced when using a similar but more re
liable procedure than was used in Experiment IIA.
METHOD

Subjects
Six naive male hooded rats of the same strain and age as des
cribed in Experiment IA served as subjects.

Subjects were housed and

maintained under the same conditions as described in Experiment IA.
Apparatus
Two experimental chambers were used, one of which was the same
as that used in Experiment IA.

Chamber Two measured 11 3/4" x 9" x

9",

the front and two sides of which were constructed of clear plastic

and

the back and top of masonite.

The floor was made of steel rods

1/16" in diameter and spaced 1/2" apart.

The chamber was housed in a

sound attenuated chest which had a clear plastic window for observa
tion, a speaker to provide masking noise, an exhaust fan for ventila
tion, and a 40 watt bulb for illumination.
chamber was maintained at about 23.9°C.

The temperature in this

Shock delivery was programmed

through electical apparatus located in an adjoining room.

Shocks of
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.5 seconds duration were delivered every 10 seconds to the subjects
through the grid floor by a Grason—Stadler shock generator and
scrambler.

Procedures
Climatic conditions in Chamber One were regulated and checked
before the start of every session.

Each session consisted of ex

posing paired subjects to climatic variables for one hour (Chamber
One) immediately followed by the presentation of 100 foot shocks
(Chamber Two).

Five sessions a week were run.

Aggressive responses

were defined and recorded in Chamber Two in the same manner as des
cribed in Experiment IA.

A maximum of one response was recorded for

a single shock presentation.

Checks of reliability were obtained by

the procedure described in Experiment IIA.

The number of responses

recorded by each observer during reliability checks agreed within 6%.
During initial sessions (pre-baseline) various shock intensi
ties within a range of 1.0 to 1.3 MA were presented between sessions.
Paired subjects were subsequently stimulated during baseline condi
tions with intensities which had previously been demonstrated during
pre-baseline to generate mean fight rates of approximately 70-80
fights/session.

Baseline, experimental, and reversal phases were

run according to the same design employed in Experiment IIA (jsee
Table 4 for detailed information of procedures).

Results

Table 5 summarizes the results from Experiment IIB for each
pair of subjects.

Table 5 shows no apparent between-phase differences
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in the number of pain-elicited fights as a function of pre-shock
session exposure to various climatic conditions.

The mean number of

fights/session for baseline and experimental phases were computed
for each pair of subjects.

A mean rise of only eight fights/session

represents the greatest increase in aggressive responding between
baseline and experimental conditions.

This increase occurred for

Pair 306 following a transition from baseline to Phase 1 where tem
perature and humidity were raised from 26.7°C to 35°C and from 50%
to 60% respectively above baseline conditions.
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EXPERIMENT IIC:
Determination of Whether High Ambient
Temperatures Facilitate Pain Elicited Aggression
Among Monkey Subjects
This study further investigated the relation between aggression
and various temperature conditions by changing the species, the nature
of the target, and the schedule of shock presentation.

Monkey sub

jects were used instead of rats, a bite response on a rubber hose was
required instead of physical combat, and an automatic method (Hutch
inson, Azrin, and Hake, 1966) of recording aggression was utilized
instead of human observations.
METHOD

Subjects

Two mature male squirrel monkeys were used.

The subjects were

housed individually and had continuous access to food and water in
their living cages.

Both subjects were experimentally naive at the

start of the study.

Apparatus

An apparatus described in detail by Hake and Azrin (1963) was
used to restrain the subjects in a sitting position.

It consisted of

a plexiglass chair with a movable waist lock which securely restrained
the subject at the waist while permitting movement of the upper por
tion of the body.
electrodes.

The subject's tail was restrained under two shock

A device used to automatically record aggressive re

sponses was mounted on a wall in front of the subject's face.

This
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device, described in detail by Hutchinson, Azrin, and Hake (1966),
and modified by Orr (in preparation) consisted of a rubber hose con
nected to a pneumatic switch.

Biting the hose produced a change in

air pressure that activated a pressure transducer and caused a silent
switch to close, thus recording a discrete bite on a counter in an
adjoining room.
The plexiglass restraining chair was housed in a larger outer
thermo-insulated chest within which the temperature and relative
humidity could be regulated (see Experiment IA for a detailed des
cription of this chest).
Procedure

Temperature and humidity conditions in the chest were regulated
and checked before the start of each daily one hour session.

The

subject's tails were periodically shaved and electrode paste was used
to decrease and stabilize impedance.

The sessions consisted of 10

shock presentations with a five minute inter-shock interval.

Each

shock was 300 V.A.C. through a 45,000 ohm series resistor, for a
duration of .15 seconds.
Baseline sessions were conducted at 24.4°C, 50% relative humi
dity.

The temperature was then raised to 37.8°C (Phase I), 43.3°C

(Phase II), and 48.9°C (Phase III).
The first session of Phase III resulted in the death of Subject
106 and left Subject 4 in a collapsed state.

Phase III was subse

quently discontinued and Subject 4 was again exposed to temperatures
of 43.3°C (Phase IV), and 37.8°C (Phase V),
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Results
Figures 6 and 7 show no apparent differences in the amount of
pain-elicited hose bites as a function of high ambient temperatures
(above 24.4°C).

An analysis of the mean number of hose bites during

baseline and experimental conditions also show no differences (Table
6 ).

The number of hose bites/session during baseline (24.4°C, 50%
relative humidity) for Subjects 106 and 4 ranged from zero to 183.
Baseline data for Subject^ were variable, (Figure 7).
During the first session of Phase I (37.8°C, 50% relative humi
dity) the number of hose bites/session decreased below baseline
sessions for Subject 106 (Figure 6), and increased above baseline
sessions for Subject 4 (Figure 7).

The number of hose bites/session

for Subjects 106 and 4 during subsequent Phase I sessions were vari
able.

Figure 7 shows for Subject 4 an apparent decrease in hose

bites/session for sessions 24 through 29.

The reasons for this de

crease are at the present time, unknown.
Figures 6 and 7 show for Subjects 106 and 4 an increase in the
number of hose bites/session during the first session of Phase II
(43.3°C, 50% relative humidity) above most Phase I sessions.

Although

the higher Phase II temperature resulted in an initial increase in
hose bites, this effect was temporary and hose bites/session gradually
decreased for both subjects.
Subject 106 died during the first session of Phase III (48.9°C,
50% relative humidity) from what appeared to be exposure to extreme
climatic conditions.

Phase III conditions also produced a decrease in
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the number of hose bites/session, for Subject 4 (Figure 7), and left
this subject collapsed.
The number of hose bites/session for Subject 4 were variable
during Phase IV (43.3°C, 50% relative humidity).

Many of the data

points overlap points from previous phases.
Figure 7 shows for Subject 4 a marked decrease in the number of
hose bites/session during Phase V (37.8°C, 50% relative humidity)
below previous phases.

The reasons for this decrease are also un

known.
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EXPERIMENT IID:
Determination of Whether Changes in Length of
Heat Exposure and Changes in Humidity Conditions
Facilitate Pain-Elicited Aggression

This study investigated the relation between aggression and
various temperature conditions as a function of session length and
humidity.

Climatic conditions were changed on alternating days in

stead of phases, subjects were exposed to climatic variables for two
hours instead of one hour and humidity conditions were varied in
stead of held constant.

METHOD

Subjects
The subjects, two male squirrel monkeys, were experimentally
naive at the start of the study.

They were housed individually and

had continuous access to food and water in their living cages.

Apparatus
The same apparatus was used as in Experiment IIC.

Procedure
Temperature and humidity conditions in the chest were regulated
and checked before the start of each daily one hour session.

The

subject’s tails were periodically shaved and electrode paste was used
to decrease and stabilize impedance.

The sessions consisted of 10

shock presentations with a five minute inter-shock interval.

Each

shock was 300 V.A.C. through a 45,000 ohm series resistor, for a dura
tion of .15 seconds.
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In Phase I the subjects were exposed to different climatic con
ditions on alternate days.

Condition I was 24.4°C, 50% relative hum!

dity and Condition II was 37.8°C, 50% relative humidity.
In Phase II the humidity in Condition II was raised from 50% to
70% relative humidity for Subject 201.

For Subject 207, the same

climatic conditions in Phase I existed for two hours rather than one.
The additional hour of exposure, without shock, preceded each regu
larly scheduled shock session.

Results
Figure 8 shows for Subject 201 no apparent differences in the
number of pain-elicited hose bites as a function of various climatic
conditions during Phases I and II.

An analysis of the mean number of

hose bites during Phase I shows a decrease of a mean of 28 bites/
session at Condition II (37.8°C, 50% relative humidity) as compared
to Condition I (24.4°C, 50% relative humidity).

An analysis of the

mean number of hose bites during Phase II shows a decrease of a mean
of 77 responses/session at Condition II (37.8°C, 50% relative humi
dity) as compared to Condition I (24.4°C, 50 % relative humidity).
The data during both phases of this study were variable and there
fore many of the data points overlap.
Figure 9 shows for Subject 207 no apparent differences in the
number of pain-elicited hose bites between Condition II (37.8°C, 50%
relative humidity) and Condition I (24.4°C, 5 0 % relative humidity)
during Phase I.

The data during this phase were extremely variable,

ranging from 0 to 1152 bites/session in Condition II, and from 0 to
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967 bites/session in Condition X.

In addition, many of the data

points overlap.
During Phase II only those responses that occurred in the
second hour of each session were graphed and analyzed for Subject
207.

Figure 9 shows a noticeable increase in the nymber of pain-

elicited attacks at Conditio* II as compared to Condition I for the
initial 12 sessions of Phase II.

Subsequent sessions were charac

terized by extreme variability, with the results of sessions run at
different climatic conditions frequently overlapping.

An analysis

of the mean number of hose bites for the initial 12 sessions of Phase
II shows an increase of a mean of 393 bites at Condition II as com
pared to Condition I.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DISCUSSION

The present series of experiments failed to indicate that
periodic exposure to extremes in heat and humidity (above 24.4°C, 50%
relative humidity) was effective in facilitating shock-elicited
aggression.

This finding was demonstrated with rats (Experiments IIA

and IIB), and with monkeys (Experiments IIC and IID) .
The results of Experiment IIA showed a decrease in the mean
number of shock-elicited fights at sessions conducted at 35°C as com
pared to sessions conducted at 26.7°C.
ment IIA were extremely variable.

However, the data in Experi

Subjects frequently injured their

tails by attempting to remove the tail electrodes.

These injuries

may have attributed to the inter-session variability, thus making it
difficult to interpret the results of this experiment.

Several

apparatus failures that occurred through this experiment may have
also attributed to the inter-session variability of the data in this
study.

The inability of a subsequent experiment (Experiment IIB) to

replicate the results of the present study restricts the extent to
which these results can be generalized.
The results of Experiments IIB and IIC further demonstrate the
inability of high ambient temperatures (35°C-48.9cC) to reliably
facilitate or suppress shock-elicited fighting.

Experiment IIB found

a small increase in shock-elicited fighting at temperatures of 35°C
and 40.6°C as compared to temperatures of 21.1°C and 26.7°C.

However,

results opposite to those obtained in Experiment IIB were found in
Experiment IIC.
35
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In Experiment IIC increasing the temperature from 37.8°C to
43.3°C for Subject 106 resulted in a small decrease in the mean
number of shock-elicited hose bites that occurred at the higher tem
perature.

The same results were obtained for Subject 4 during two

of the experimental phases that were conducted at high ambient tem
peratures (above 24.4°C).

The data for both subjects in Experiment

IIC were variable between sessions, experimental phases, and subjects.
An autopsy performed on Subject 106 determined the cause of death to
be due to internal injuries.

Subject 106 probably sustained these

injuries trying to free himself from the restraining apparatus to
escape the climatic conditions (48.9°C, 50% relative humidity) to
which he was exposed.
Experiment IID found increased relative humidity from 50% to
70% at 37.8°C ineffective in facilitating shock-elicited aggression.
However, it was found that increasing the length of exposure from one
hour to two hours to 37.8°C, 50% relative humidity facilitated shockelicited hose biting during initial sessions of that condition.

These

data suggest that length of exposure to various climatic conditions
may be a critical variable in determining the effects climatic condi
tions have on aggression.
One possible interpretation of the results of this series of
experiments is that exposure to various climatic conditions produce a
temporary increase or decrease in shock-elicited aggression.

In the

present research interspecific differences in shock-elicited aggres
sion at various climatic conditions resulted.

Figures 3, 4, and 5

show for rat subjects a temporary decrease in shock-elicited fights
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following a transition to high ambient temperatures.

Figures 6 and

7 show for monkey subjects a temporary increase in shock-elicited
hose bites following a transition to high ambient temperatures.

Al

though these data are variable between sessions and between species,
exposure to various climatic conditions appears to produce an initial
change in shock-elicited aggression.

Further research is necessary

in order to determine whether these changes in aggression are due to
the climatic variables investigated or to a stimulus change in cli
matic conditions in the subject's environment.
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Table I - Continued
Fight Responses for Pair 200 During Experiment ID

Day

Session Number

Temperature

Relative Humidity

Fights

1

1
2

26.7°C
37.8°C

50%
70%

0
0

2

3
4

26.7°C
37.8°C

50%
70%

0
0

3

5
6

26.7°C
37.8°C

50%
70%

0
0

4

7
8

26.7°C
37.8°C

50%
70%

0
0

5

9
10

26.7°C
37.8°C

50%
70%

0
3

6

11
12

26.7°C
37.8°C

50%
70%

0
2

CO
VO

40

Table 2
Pre-baseline Shock Histories of Each Pair of Subjects
in Experiment IIA

Pair #

300

„

303

206

.

Temperature

Relative
Humidity

# of Shock
Presentations

1

26.7°C

50%

100

.5

2

26.7°C

50%

100

.5

3

26.7°C

50%

100

.5

4

26.7°C

50%

100

.3

5

26.7°C

50%

100

.4

1

26.7°C

50%

100

.5

2

26.7°C

50%

100

.3

1

26.7°C

50%

100

.5

2

26.7°C

50%

100

1.0

Session #
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Shock
Intensity

41

Table 3

Mean Number of Fights/Session for Pairs 300, 303 and 206
During Experiment IIA

Pair #
300

303

206

Temperature

Relative
Humidity

# of
Sessions

X Fights/
Session

Baseline

26.7°C

50%

7

41

Phase I

35.0°C

50%

12

29

Reversal

26.7°C

50%

14

43

Phase II

35.0°C

50%

10

19

Baseline

26.7°C

50%

8

41

Phase I

35.0°C

50%

12

18

Reversal

26.7°C

50%

10

53

Phase II

35.0°C

50%

10

35

Baseline

26.7°C

50%

7

65

Phase I

35.0°C

60%

7

61

Reversal

26.7°C

50%

2

54

Condition

Subject Died
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Table 4
Details of Procedures used in Experiment IIB

ilr //
306

Condition
Pre-baseline
Baseline
Phase I
Reversal

309

Pre-baseline
Baseline
Phase I

// of Sessions

Temperature

Relative
Humidity

// of Shocks

Shock
Intensity

11

26.7°C

50%

100

1 MA

8

26.7°C

50%

100

2 MA

12

35,0°C

60%

100

2 MA

4

26.7°C

50%

100

2 MA

11

26.7°C

50%

100

1 MA

7

26.7°C

50%

100

2 MA

12

35.0°C

50%

100

2 MA

Subject Died of Middle Ear Disease

310

Pre-baseline

5

21.1°C

50%

100

1.3 MA

Baseline

9

21.1°C

50%

100

1 MA

11

35.0°C

50%

100

1 MA

6

40.6°C

50%

100

1 MA

Phase 1
Phase II

-fN
N3

43

Table 5

Mean Number of Fights/Session for Pairs 306, 309 and 310
Experiment IIB

Pair #
306

309

Condition

Temperature

Relative
Humidity

# of
Sessions

X Fights/
Session

Baseline

26.7°C

50%

8

76

Phase I

35.0°C

60%

12

84

Reversal

26.7°C

50%

4

82

Baseline

26.7°C

50%

7

92

Phase I

35.0°C

50%

12

94

Subject Died of Middle Ear Disease

310

-

Baseline

21.1°C

50%

9

96

Phase I

35.0°C
*-•*'
40.6°C

50%

11

98

50%

6

99

'?

Phase II
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Table 6
Mean Number of Hose Bites/Session for Subjects 4 and 106
During Experiment IIC
Subject
#
106

Condition

Temperature

Relative
Humidity

# of
Sessions

X Attacks/
Session

Baseline

24.4°C

50%

4

27

Phase I

37.8°C

50%

26

64

Phase II

43.4°C

50%

13

41

Phase III

48.9°C
Subject Died

4

• Baseline

24.4°C

50%

22

62

Phase I

37.8°C

50%

27

55

Phase II

43.3°C

50%

14

79

Phase III

48.9°C

50%

1

42

Phase II

43.3°C

50%

30

62

Phase I

37.8°C

50%

22

8
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FIGURE LEGEND
Figure 1

Experimental apparatus.

Figure 2

Total fights/session as a function of various temperature
conditions for Pair 106.

Figure 3

Total shock-elicited fights/session at various temperature
conditions for Pair 300.

Figure 4

Total shock-elicited fights/session at various temperature
conditions for Pair 303.

Figure 5

Total shock-elicited fights/session at various temperature
and humidity conditions for Pair 206.

Figure 6

Total shock-elicited hose bites/session at various tempera
ture conditions for Subject 106.

Figure 7

Total shock-elicited hose bits/session at various tempera
ture conditions for Subject 4.

Figure 8

Total shock-elicited hose bites/session at various tempera
ture and humidity conditions for Subject 201.

Climatic

conditions were alternated between sessions.
Figure 9

Total shock-elicited hose bites/session at various tempera
ture conditions and lengths of exposure for Subject 207.
Climatic conditions were alternated between sessions.
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A : Rat jump recording device
B:

Thermo-insulated chest

C.

Heat and humidity intake
Fig. 1
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